The GH/IGF-I axis has a clearly established role in somatic growth regulation and there is much evidence suggesting that it can play a contributing role in neoplastic tissue growth; a number of recent epidemiological reports indicate that it may also be an important determinant of cancer incidence. Whilst there have been previous reports of changes to the axis in patients with established cancers, these new studies are distinct in being prospective and the inferences that can be made from this are outlined in this review. The recent studies are considered within the context of other indirect epidemiological evidence, and together indicate that the GH/IGF-I axis may establish the level of predisposition to a number of common cancers and indeed that such risk may be programmed from early life. There is considerable evidence for a number of possible mechanisms, both direct and indirect, which could account for the associations between GH/IGF-I levels and cancer incidence; these mechanisms are briefly summarised. The implications of the new findings are then discussed in relation to the increasing clinical usage of chronic GH administration and the need for further studies to establish any consequent increase in cancer risk. Finally the opportunities for further work to optimise cancer risk assessment and risk reduction strategies are highlighted.
Introduction
Since the isolation of growth hormone (GH) half-way through this century it has become increasingly clear that the GH/insulin-like growth factor-I (IGF-I) axis plays a fundamental and obligatory role in regulating normal somatic growth throughout fetal and childhood development. Over the past two decades considerable evidence has accumulated indicating that these growth factors may also play an important role in maintaining and supporting the progression of neoplastic growth. During this period there have been sporadic suggestions that GH/IGF-I may be important for the development of cancers, although the evidence for this has until recently been circumstantial. New epidemiological studies provide the first real evidence that GH/IGF-I may be important determinants of the incidence of major human cancers. These studies raise important questions in relation to both the aetiology of these cancers and the risks associated with current and future therapeutic interventions involving long-term clinical application of GH or IGF-I. They may also lay the foundations for new strategies to assess cancer risk and raise the possibility of new interventions to reduce cancer incidence. The purpose of this commentary is to review the recent epidemiological evidence in the light of our current understanding of the pathophysiology of cancer and to discuss its implications, particularly in relation to existing and future interventions.
New Epidemiology

Direct epidemiological evidence
That circulating IGF-I may be an important determinant of the incidence of cancers is implicated by two recent studies demonstrating strong associations between circulating IGF-I levels and risk of breast cancer in premenopausal women (Hankinson et al. 1998) and prostate cancer in men (Chan et al. 1998) . The strength of these studies derives from their prospective nature. There have been many reports that the GH/IGF-I axis is perturbed both locally and systemically in patients with existing cancers. Two recent reports appear to confirm the association between raised circulating IGF-I levels and increased risk of prostate and breast cancers, but both relate to patients with either newly diagnosed or in situ disease (Bohlke et al. 1998 . There are, however, important distinctions between the prospective studies and those of subjects with existing cancers. It is evident that cancer can elicit a number of changes to the circulating IGF system; increases in proteolysis of insulin-like growth factorbinding protein-3 (IGFBP-3) and concentrations of IGFBP-2 have been documented in many different cancers. Such changes in binding proteins would alter the distribution and clearance of IGFs, affecting circulating concentrations even if production were unaltered. As disease progresses, general derangement of metabolism will have further profound effects on the IGF system. Any predisposing disturbance within the IGF system is therefore very likely to be masked once the disease has become established due to the compounding effects of tumourderived components and the alterations induced as part of the host response to the cancer. The recent prospective reports are the first large studies showing that circulating IGF-I, measured before disease presentation, is strongly associated with risk of subsequent breast and prostate cancers. Such prospective data have entirely different implications, particularly as the data relate to IGF-I concentrations within the normal range. Another recent study, based on an 18 year follow-up of French policemen, reports that circulating GH concentrations (2 h after an oral glucose tolerance test) are significantly associated with increased risk of malignancy (Maison et al. 1998) ; again this was a prospective study in which GH measurements were undertaken in a healthy male population and related to subsequent cancers detected in a long-term follow-up (mean 18 years).
The identification of IGF-I as a risk factor for cancers came from nested case-controlled studies undertaken within the Physicians and Nurses Health Studies performed in the USA. The former covered nearly 15 000 men aged 40-82 years with 152 confirmed cases of prostate cancer in whom plasma IGF-I measurements had been made, on average 7 years prior to diagnosis of the cancer; the latter covered 121 700 women aged 30-55 years with 397 confirmed breast cancers (76 premenopausal) in subjects in whom plasma IGF-I had been measured in samples taken on average 28 months prior to diagnosis. The relative risk (RR) of prostate cancer associated with a circulating concentration of IGF-I in the upper quartile of the normal range was 2·4 when compared with the lower quartile (Table 1) , but when IGFBP-3 concentrations were also included in a multivariate analysis the RR increased to 4·3; the RR was even higher, 7·9, in men over the age of 60 years (Chan et al. 1998) . The association remained when cases diagnosed within 5 years of blood sampling were excluded to remove the potential influence of preclinical undiagnosed cancers, which could themselves influence IGF-I levels. The increased risk of breast cancer associated with circulating IGF-I concentrations in the upper tertile of the normal range was only apparent for cases of premenopausal breast cancer, with an RR of 2·3; this increased to 4·6 in premenopausal women less than 50 years of age and again controlling for IGFBP-3 concentrations increased the RR further to 7·3 (Hankinson et al. 1998) .
Cancers of the breast and prostate have generally been considered to be sex hormone dependent. For prostate cancer, the strongest link reported with androgen status has been a positive association with testosterone concentrations when these were controlled for levels of sex hormone-binding globulin (SHBG); a testosterone level in the upper quartile gave an RR of 2·6 (Gann et al. 1996) (Table 1) . For breast cancer the strongest associations have been reported in postmenopausal women, with an RR of 5·2 for non-SHBG bound oestradiol in the upper quartile of normal and an RR of 6·2 for testosterone in the upper quartile (Dorgan et al. 1997) (Table 1 ). The RRs and 3·0 ng/ml (compared with <1·0 ng/ml) was high, 5·5, this was thought to be overestimated due to the presence of subjects with undiagnosed cancers (Gann et al. 1995) ( Table 1) . Obviously, as these risks are based upon different subdivisions of various cohorts they are not directly comparable; however, it is clear that the associations recently described between circulating IGF-I and cancer incidence are at least as strong as those with previously described risk factors. The recent studies providing direct evidence linking GH/IGF-I with cancer incidence need confirmation by other large prospective cohorts with long-term follow-ups and sufficient years between sampling and disease diagnosis. The duration of disease before clinical presentation may be long, many years for some prostate cancers; observations made shortly before clinical diagnosis may therefore just reflect preclinical disease. Such long-term studies are limited in number by the relatively recent introduction of reliable assays for GH and IGF-I. The prospective study of GH in the French police cohort with an 18 year follow-up was based on results from an early GH assay, the imprecision of which may have resulted in an underestimate of the association with malignancy (Maison et al. 1998 ). However, whilst these studies are still few in number, many other recent epidemiological reports describe associations that would be consistent with a strong effect of GH/IGF-I on cancer incidence.
Indirect epidemiological evidence
The GH/IGF-I axis has a central role in regulating somatic longitudinal growth and weak but consistent associations between final adult height and incidence of both breast (Hunter & Willett 1993) and prostate (Giovannucci et al. 1997) cancers have been reported. Similar associations have also been reported for colorectal (Albanes et al. 1988 , Chute et al. 1991 and haematopoietic cancers (Leon et al. 1995) . Metabolic and hormonal influences on somatic growth in childhood are predominantly on the long-bone epiphyseal growth-plates, as reflected by leg length measurements. Such measurements in children less than 8 years old are significantly related to incidence of cancer later in life in both sexes, particularly hormonally related cancers (Gunnell et al. 1998a,b) . The IGFs are important for intrauterine, in addition to postnatal growth, and many studies have found positive associations between circulating IGF-I and birthweight. Positive associations between birthweight and the incidence of cancers of both the breast (Michels et al. 1996) and prostate (Tibblin et al. 1995) have also been described, providing further indirect evidence of a possible role for growth factors. Height and birthweight only provide indirect evidence of nutrition and endocrine status throughout early life. Few studies have assessed the influence of such early life exposures on adult cancer risk by direct measurements in childhood. High calorie intake in childhood has been associated with a significant increase in risk of non-smoking-related malignancies later in life (Frankel et al. 1998) . Nutritional intake is a strong determinant of hepatic IGF-I production and hence circulating IGF-I concentrations (Thissen et al. 1994) . These studies imply that the risk of cancer may in part be established from very early life. Nutrition in early life may have a 'programming' effect, via IGF-I, determining not only longitudinal growth but also cancer risk later in life.
In addition to associations with physiological variations in IGF-I, there is evidence that pathological variations in IGF-I may also affect cancer incidence. Subjects with acromegaly can have elevated circulating IGF-I concentrations for many years; however, few studies have included sufficient cases to assess whether this condition is associated with increased incidence of other cancers. An increased number of deaths from breast cancer was reported in a personal series of 256 cases seen over a 20 year period (Nabarro 1987) . A significant increase in deaths from malignancies, particularly prostate and colorectal, was also reported in a follow-up of 166 cases seen over a 30 year period in Sweden (Bengtsson et al. 1988) . A more recent cohort study was initially reported in abstract form (Orme et al. 1996) . The results reported on 1379 patients with acromegaly, from 15 centres around the UK, and indicated a significant increase in incidence of cancers (123 cases, standardised incidence ratio (SIR) 1·27; P=0·006) and cancer mortality (98 deaths, standardised mortality ratio (SMR) 1·56; P<0·001) particularly due to colonic carcinoma (SMR 3·03; P<0·001) and breast cancer (SMR 1·92; P=0·018). In the full paper, subsequently reporting the final analysis of this study (Orme et al. 1998) , the results had altered somewhat, being based on 1362 patients with an overall cancer incidence of 79 cases (SIR 0·76; 95% confidence interval (CI) 0·60-0·95, one-sided P=1·00) now being lower than expected. Overall cancer mortality was no longer significantly raised (83 cases, SMR 1·16; 95% CI 0·92-1·44, P=0·10 (one-sided)), although deaths from colonic cancers were still significantly increased (SMR 2·47; 95% CI 1·31-4·22, P=0·003), but those from breast cancer did not reach conventionally accepted levels of statistical significance (SMR 1·60; 95% CI 0·85-2·74, P=0·07).
In a number of studies recent childbirth has been associated with a transient increase in risk of breast cancer (Lambe et al. 1994) ; pregnancy is associated with major changes in the GH/IGF system. Pituitary GH secretion is suppressed and replaced in the circulation by a variant form of GH produced by the placenta. The episodic profile of pituitary GH secretion is replaced by a profile of placenta-derived GH resembling that seen in patients with acromegaly (Eriksson et al. 1989) . There is a moderate rise in circulating IGF-I concentration through pregnancy, but much less than generally seen in acromegaly. However, this is probably due to increased clearance resulting from the dramatic increase in proteolysis of the main circulating carrier protein IGFBP-3 (Davenport et al. 1990) . As a consequence the tissue availability of circulating IGF-I is increased much more than is reflected by the total concentration. Such an increase in IGF-I throughout the months of pregnancy may underlie the transient increase in risk of breast cancer. Conversely, the risk of prostate cancer is significantly reduced in subjects with diabetes (Giovannucci et al. 1998 ), a condition characterised by GH resistance and reduced IGF-I levels/ activity.
In addition to changes in the risk of cancer due to pathophysiological variations in IGF-I, it is possible that dietary and pharmacologically induced changes in IGF-I levels may also affect such risk. A recent epidemiological study of circulating IGF-I concentrations in a large adult population identified only age, sex and alcohol consumption as significantly affecting serum IGF-I levels, with IGF-I being positively associated with alcohol consumption (Goodman-Gruen & Barrett-Connor 1997). Several studies have identified a linear association between risk of breast cancer and increasing alcohol consumption (SmithWarner et al. 1998 ) and a significant risk of breast cancer associated with HRT has been reported to occur only in women with regular alcohol intake greater than 5 g/day (Zumoff 1997 ). An effect of alcohol on oestrogen levels has been suggested to explain these associations (Hankinson et al. 1995) ; an effect of alcohol on circulating IGF-I could provide an alternative explanation.
Tamoxifen has a number of effects on the IGF system in women with breast cancer, decreasing circulating IGF-I concentrations and reducing proteolysis of IGFBP-3 (Helle et al. 1996) . These changes would be consistent with a shift in the balance between IGF-I and intact (high-affinity) IGFBP-3. Preliminary data released from a prophylactic intervention trial of tamoxifen in the USA indicated around a 45% reduction in breast cancer incidence (Breast Cancer Prevention Trial (BCPT), NSABP, details available on Website (http://www.cancertrials.nci. nih.gov)); changes induced in the IGF system could contribute to this dramatic effect.
All the evidence from the epidemiology appears to implicate an association predominantly with just the hormonally responsive epithelial cancers (mainly breast, prostate and colorectal cancers); this may indicate a common underlying causal link.
Potential Mechanisms Linking GH/IGF-I and Cancer Incidence
Indirect mechanisms
There are a number of potential mechanisms that could explain the strong associations between circulating IGF-I levels and cancer incidence (Fig. 1) : levels of IGF-I could merely be reflecting overall sex steroid activity; alternatively IGF-I could be affecting steroid levels and/or amplifying sex steroid actions in the breast and prostate; or IGF-I levels could be having a direct effect on the development of cancer in these tissues.
The simplest explanation could be that IGF-I levels are just a reflection of overall integrated sex steroid activity. Sex steroids can modulate the GH/IGF-I axis at many levels. Steroids can directly affect pituitary GH secretion; they can affect IGF-I levels by altering production directly or by altering levels of IGF-binding proteins and hence affecting clearance (Clark & Rogol 1996) . The associations could therefore arise because serum IGF-I is a surrogate of overall steroid activity which in turn is related to cancer risk. As ovarian steroid levels are higher in premenopausal women, a more dominant role of such steroids in determining IGF-I levels may explain why an association with breast cancer was observed in these but not in postmenopausal women. In contrast, the risk of breast cancer associated with gonadal steroid levels appears stronger in postmenopausal women; this, however, probably just reflects the measurements being a more accurate reflection of the more stable circulating steroid levels that occur after the menopause. In premenopausal women the cyclical variations in circulating steroid concentrations makes assessment of overall exposure in the breast very difficult. Possibly levels of a steroid-responsive factor such as IGF-I better reflect such integrated exposure than any direct measure of gonadal steroids themselves. The very similar association between IGF-I levels and prostate cancer is, however, difficult to reconcile with the argument that IGF-I levels are just a reflection of steroid activity, since androgen effects on the GH/IGF-I axis differ from those of oestrogens (Clark & Rogol 1996) . The association between prostate cancer risk and IGF-I was stronger in the men over 60 years of age, when androgens might be expected to have less influence (Chan et al. 1998) . The strength of the associations between IGF-I and breast and prostate cancers also suggest that they are unlikely to be due to IGF-I merely acting as a surrogate of steroid status. These interactions could be untangled by multivariate analysis if all the appropriate measurements were available in a sufficiently large cohort.
An alternative explanation might be that IGF-I determines steroid levels or actions. IGF-I is a powerful amplifier of gonadotrophin action, enhancing the production of gonadal steroids from both the ovary (Giudice 1992 ) and the testis (De Mellow et al. 1987) . The proliferative effects of steroids in breast and prostate can also be potentiated by IGF-I (Westley & May 1994 , Marcelli et al. 1995 , indeed IGF-I has been reported to be able to activate the androgen receptor in the absence of androgens in prostate cells (Culig et al. 1994 ) and the oestrogen receptor in the absence of oestrogens in breast cells (Lee at al. 1997) . Increased IGF-I, derived from the circulation, could therefore enhance and add to the effects of steroids on the breast and prostate. Hyperplasia of the breast following GH or IGF-I administration to primates (Ng et al. 1997) , hyperplasia of the prostate in young men with acromegaly (Colao et al. 1998) , and increased epithelial cell proliferation in the colon of subjects with acromegaly which correlated with circulating IGF-I levels (Cats et al. 1996) have all been described. Greater cell turnover in these tissues could increase disposition to neoplastic transformation (Cohen & Ellwein 1990) . Acromegaly is generally accompanied by organomegaly and this may contribute to the reported increases in cancer incidence associated with this condition. A combination of such potential interacting mechanisms involving steroid effects on IGF-I and IGF-I effects on steroids is plausible to explain the associations with breast and prostate cancers.
Direct mechanisms
If the association between circulating IGF-I and cancer incidence reflects a direct causal link, then the simplest explanation would be that the mitogenic action of IGF-I increases cell turnover in the tissues, which in turn increases disposition to neoplastic transformation (Cohen & Ellwein 1990 ). However, the degree to which variations in IGF-I concentration in the circulation within the normal range would affect cell turnover in different tissues is unknown. A direct effect of IGF-I on cancer incidence is, however, supported by a more powerful argument that has arisen from work demonstrating that IGF-I is critical for maintaining cell survival, particularly of transformed cells (Baserga et al. 1997 , Resnicoff & Baserga 1998 .
Most human tumours develop by a multistep process in which cells acquire growth advantage by genetic damage involving an accumulation of mutations. Spontaneous gene mutations undoubtedly occur frequently and naturally throughout life and such events may be increased by exogenous mutagens (Loeb 1991) . The body, however, has sophisticated defence mechanisms to delete such damaged cells. Genetic damage is detected by internal checks, which then direct the cell to commit suicide in an ordered manner through the process called apoptosis. Such internal signals for apoptosis can be overridden by external 'survival' signals. The most potent survival factor for many cell types appears to be IGF-I (Barres et al. 1992 , Harrington et al. 1994 ) and as IGF-I is significantly more abundant than other growth factors and cytokines it is probably the predominant physiological survival factor in most tissues. The concentration of IGF-I present throughout most tissues is in excess of that required for maximal cell receptor stimulation, the high concentrations being maintained by the specific binding proteins which delay IGF-I clearance. The binding proteins have higher affinities for IGF-I than the cell receptors. The main carrier protein, IGFBP-3, is therefore a key determinant of IGF-I availability and actions. Recent evidence indicates that it may have added importance because it also has intrinsic IGF-independent actions promoting apoptosis of prostate (Rajah et al. 1997) and breast epithelial cells (Gill et al. 1997) . Complexes of IGF-I and IGFBP-3 are abundant throughout the body and the balance between their survival and death signals may establish a 'defence' threshold that determines the extent that damaged cells may survive to accumulate mutations and develop into a tumour.
Initial mutations can result in fragility of the DNA within damaged cells that inappropriately survive; these may then accrue further mutations to progress into a tumour (Loeb 1991 , Orr-Weaver & Weinberg 1998 . Both GH and IGF-I have been reported to increase chromosome fragility both in vitro (Tedeschi et al. 1993) and in vivo (Cianfarani et al. 1998) .
That an increase in the concentration of IGFs can predispose to tumour development is supported by much experimental evidence in addition to the clinical evidence of acromegaly described above. Transgenic mice that overexpress GH are susceptible to an increased frequency of mammary tumours (Tornell et al. 1992) . Increased malignancies, including that of the breast, have also been reported in IGF-II transgenic mice (Rogler et al. 1994 , Bates et al. 1995 . Overexpression of IGFBP-4 in malignant prostate epithelial cells resulted in increased apoptosis during culture and reduced the incidence of tumours and delayed their development when these cells were injected into nude mice (Damon et al. 1998) . Other experiments, involving transgenic expression of oncogenic viruses in mice, have also identified focal induction of endogenous IGF-II expression as being involved in the resultant tumour development (Cariani et al. 1991 , Schirmacher et al. 1993 , Christofori et al. 1994 . Such focal induction of IGF-II expression has been reported not to affect the proliferation of premalignant cells but to reduce the incidence of apoptosis fivefold (Christofori et al. 1994) . This would be consistent with apoptosis providing a defence against malignant transformation which could be overcome by a survival signal provided by IGF-receptor activation.
Apoptosis, like all cellular functions, is a highly regulated process, modulated by many internal and external cell signals. External signals include cytokines and chemotherapeutic agents that promote apoptosis and hormones and growth factors which reduce apoptosis. If all mutations were detected and resulted in initiation of apoptosis then tumours would not develop. The potent survival effects of IGF-I may be counterbalanced by IGFBP-3, thus the balance between their levels may establish a threshold for cell apoptosis. More IGF-I with less IGFBP-3 could increase this threshold and hence increase the likelihood that mutated cells survive and progress to form tumours. It is now recognised that manipulation of this threshold by agents that promote apoptosis is a valuable strategy for restricting tumour growth (Fisher 1994) . The level at which such a threshold is set by the hormonal environment may determine the body's defences against tumour development and this may be as, if not more, critical than the initial mutations for the incidence of cancers. The new studies linking IGF-I and cancer incidence and other recent reports showing that oestrogen modifiers can dramatically reduce cancer incidence (Lancet, 2 May 1998, p 1335), together with the experimental evidence are all consistent with the hormonal milieu determining such a disposition to developing tumours.
Administration of GH: Less Intervention to Avoid Cancer?
The availability of recombinant GH initiated widespread investigations of its utility for therapeutic intervention. Clinical administration of GH was initially restricted to young subjects with GH deficiency (GHD), to improve longitudinal growth. This was subsequently extended to include girls with Turner's syndrome (Taback et al. 1996) . The market for GH grew considerably following many studies indicating that GH could also benefit some adult subjects with GHD (Carroll et al. 1998) . This led some to enthusiastically advocate therapy being extended from a few childhood years to throughout adult life; others have been more circumspect over its benefits and potential problems (Besser 1997) . A number of studies have shown that around 50% of adults with GHD may have normal circulating IGF-I levels and, even following low GH doses, many treated subjects have IGF-I levels raised to high normal levels or above (Cuneo et al. 1998) . Recent consensus guidelines recommend titration of dosage for individual subjects, with serum IGF-I measurements advanced as the best marker of GH action (Invited Report of a Workshop 1998). If many untreated subjects start with serum IGF-I levels within the normal range, then clearly GH administration may increase the IGF-I levels at least towards the high end of normal. Other studies have indicated that administration of GH at doses sufficient to normalise serum IGF-I may not be sufficient to normalise intermediate metabolism (Lucidi et al. 1998) . This has been attributed to the broad peak of serum GH levels following subcutaneous injection being more potent than endogenous pulsatile GH at stimulating IGF-I, but less potent with respect to metabolic effects ( Jörgensen et al. 1990) . The extent to which serum IGF-I should be increased and whether such increases incur additional risk of breast, prostate, colorectal or other cancers, are obvious concerns in light of the new epidemiological data. In addition to replacement therapy, administration of GH for other indications has also been advocated, primarily for its anabolic effects either systemically, for catabolic conditions (Haymond & Mauras 1996) , or for local effects, as suggested for situations such as chronic heart failure (Fazio et al. 1996) .
In addition to current licensed applications, there has also been much discussion of other more general applications. Considerable attention has focused on the administration of GH to counter the natural GH decline with advancing age (Corpas et al. 1993) ; the suggested advantages have been widely presented in articles in the UK press (e.g. The Times, 12 March 1998 , Daily Mail, 21 April 1998 and GH can be acquired readily for such unlicensed applications via many sites on the Internet. The lack of regulation of Websites means many such sites offer GH for sale either directly or provide information regarding countries where such products can apparently be purchased 'over-the-counter'. These are advertised with irresponsible claims regarding use and potential benefits and with little or no caution regarding adverse effects. Such Websites abound with statements such as 'human growth hormone has been widely accepted as the anti-ageing serum rejuvenating every cell in the body'; 'you can feel young again, slow down the ageing process'; 'proven scientific information on GH -increases activities of all other hormones' and 'our GH has been shown to raise IGF-I levels by as much as 800%'. The market for such products includes not just the elderly, but also athletes and body builders, in some areas abuse of both GH and IGF-I by such groups is apparently prevalent. From the association found in the Physicians Health Study it was calculated that every 100 ng/ml increase in circulating IGF-I concentration may correspond to an approximate doubling of the risk of prostate cancer (Chan et al. 1998) ; the pharmacological manipulations undertaken in athletes and to counter ageing can produce increases in IGF-I of 500-800 ng/ml. Considerations of such associated risks might decrease the popularity of such abuse.
In the past some endocrinologists have argued that raising GH levels is safe because acromegaly is associated with no increased risk of other cancers; however, as stated previously, recent evidence from large cohorts appears to contradict this view. The recent epidemiological reports regarding breast and prostate cancers indicated that the association between cancer risk and IGF-I levels was increased if these were adjusted for levels of its main carrier protein (IGFBP-3). High IGF-I and low IGFBP-3 levels were associated with the greatest risk, suggesting that IGFBP-3 may have a protective effect. The increases in endogenous and exogenous GH associated with acromegaly and therapeutic application result in increases in circulating concentrations of both IGF-I and IGFBP-3. A protective effect of IGFBP-3 may explain the relatively low incidence of breast and prostate cancers in patients with acromegaly, compared with that which might be predicted from the recent epidemiological studies. The same argument may also imply that chronic GH therapy does not carry such a scale of risk. The recent epidemiological studies, however, raise new questions for which we
do not yet have answers. In the light of these new findings more work is obviously indicated to establish the extent of any risk that might be associated with chronic GH administration. Reassuring evidence comes from very extensive world-wide experience of GH use in children; this indicates no increase in new cancers or recurrence of past cancers (Blethen et al. 1996) . Prostate and breast cancers, however, do not normally present until after puberty and much longer follow-up may be required than hitherto foreseen.
Implications for Cancer Risk Assessment and Risk Reduction: More Intervention to Prevent Cancer?
If the remarkably strong associations between serum IGF-I levels and risk of breast and prostate cancers are confirmed, then the initial implication would be that measuring such levels may be valuable for identifying subjects with increased risk. A high circulating IGF-I concentration could be used to identify subjects for more regular screening with either PSA measurements or mammograms. Many more men die with prostate cancer than die due to prostate cancer, indicating that many men have prostate cancers which do not present clinically before they die from other causes, and the benefits of screening has not yet been definitively established. Many men with localised cancers may be detected by screening who may not benefit from radical interventions. The strong association between circulating IGF-I and subsequent clinical presentation with prostate cancer suggests that measuring IGF-I as part of a screening profile may provide additional information regarding prognosis, indicating the men more likely to benefit from intervention. Measuring IGF-I may also be of value in monitoring risk reduction strategies. That prophylactic manipulation of hormonal status can actually reduce cancer incidence has very recently been established with the early unblinding of a trial of tamoxifen in women at increased risk of breast cancer in the USA (BCPT, NSABP trial). The reduced incidence in this study was remarkably similar to the reduction in contralateral cancers reported from the 5 year collaborative trial of adjuvant use of tamoxifen in early breast cancer (Early Breast Cancer Collaborative Group 1998). Preliminary data released from two large trials of raloxifene for the treatment of osteoporosis also indicate similar dramatic effects, with breast cancer risk reduced by 58 and 75% (Lancet, 2 May 1998, p 1335). Other recent prophylactic studies with tamoxifen have, however, failed to find any effect (Pritchard 1998) . If the association between IGF-I and risk of breast and prostate cancers is as strong as that of the gonadal steroids, as the recent epidemiological data suggest, then this implies that manipulating IGF-I may also be successful in reducing cancer incidence. Somatostatin is already under investigation for treating a number of cancers (Helle et al. 1998) ; this or other more specific agents for reducing GH levels might have a place in prophylactic interventions in subjects at high risk. Such pharmacological intervention, as with manipulations of steroid status, will probably be associated with significant adverse side-effects. Circulating IGF-I concentrations are, however, strongly dependent on nutrition, raising the prospect of being able to reduce cancer risk by less aggressive interventions. Investigation of nutritional interventions aimed at reducing serum IGF-I concentrations would be warranted if such reductions were confirmed to reduce the risk of cancer. The evidence indicating programming of cancer risk by early life events suggests that attention to childhood nutrition might provide a good long-term strategy for reducing cancer incidence. However, the epidemiological evidence indicates that some of the anthropometric and nutritional markers associated with increased cancer risk later in life are also associated with decreased risk of insulin resistance and cardiovascular disease later in life. Dietary interventions to reduce risk of cancer may therefore have adverse effects on risks of other disorders; more research is clearly required before public health recommendations can be made. Furthermore, good compliance of populations with effective dietary interventions has in practice proven difficult to achieve.
Together the evidence suggests that the association between IGF-I and cancer incidence complies with many of the accepted criteria for causality (Bradford Hill 1965) ; the association is strong, specific, demonstrates the correct temporal sequence, is dose responsive, has biological plausibility, and it has coherence with other documented associations. More prospective cohort studies with longer follow-up are required to confirm the association. The last remaining criterion of causality to be satisfied would then depend on interventions, showing that specifically reducing circulating IGF-I levels can reduce cancer incidence.
The main focus of cancer research over the second half of this century has been targeted at unravelling mechanisms whereby genetic damage can initiate cancer; this has been invaluable in advancing knowledge of the cellular mechanisms involved in malignant transformation. The new understanding of cell biology together with the new epidemiology indicates that it may now be productive to place more emphasis on investigating the body's natural defence mechanisms and how these may be influenced in order to avoid cancer. The population studies with oestrogen modifiers indicate that cancer prevention is feasible. Excepting familial cancers, which account for a very small proportion of breast and prostate tumours, and smokingrelated cancers, the new prospective epidemiological studies suggest circulating IGF-I levels to be as strongly associated with risk of these cancer as any other factors yet described. IGF-I would appear to offer attractive avenues for the development of new strategies for cancer prevention.
